discovered this phenomenon, later called 'Kirlian's effect ' [cit. by: 12] . In 1996 K.G. Korotkov created a new scientific approach based on the digital video technics, modern electronics and computer processing of quantitative data, called as the method of gas discharge visualization (GDV bioelectrography). The parallel use of the terms Kirlianography and Electrophotonics is observed. The method of GDV, essence of which consists in registration of photoelectronic emission of skin, induced by high-frequency electromagnetic impulses, allows to estimate the integrated psycho-somatic state of a body. The first base parameter of GDV is Area of Gas Discharge Image (GDI) in Right, Frontal and Left projections registered both with and without a polyethylene filter. The second base parameter is a coefficient of Shape (ratio of square of length of the external contour of GDI towards its area), which characterizes the measure of serration/ fractality of the external contour. The third base parameter of GDI is Entropy, it means the measure of chaos (disorder, uncertainty) . It is considered that GDI, taken without any filter, characterizes the current psychophysiological condition of a body while registered with a filter characterizes the vegetative regulation at the level of stable physiological processes [16, 17] . Though the attitude to the method (between excellent and fickle) is ambiguous, previously the study on its verification was conducted which showed that GDV parameters are correlated with HRV [2] [3] [4] and EEG [5] parameters. In another study, we have shown that GDV parameters can change with changes in other functional parameters of the body [11, 34] .
The purpose of this study is to analyze the relationships between changes in NCMT as well as manual functional tests on the one hand, and parameters of EEG, HRV as well as GDV on the other hand, caused by the Kozyavkin method.
Material and Methods. The estimation of the hand function was carried out by Dynamometry, Box and Block Test and Nine Hole Peg Test. To measure the strength of the hand we used the dynamometer of 'Jamar' company [25] . In the study the patient is sitting on the chair or with a good fixation on the mother's knees. The hand performing measurements lowers to the torso, arms are along the body, elbows are bent at right angles, is on the anvil. The instructor explains and demonstrates the task in the correct way. 2-3 attempts are conducted to adapt and understand the task on each hand.
Box and Block Test is a simple, reliable and valid test of the hand function. This test was developed in 1985 by V. Mathiowetz [27] to assess the hand function in adults with cerebral palsy. It is widely used by specialists in the physical rehabilitation and ergotherapy. The essence of the test is to determine the number of wooden cubes that a patient can shift from one box to the second in a minute. A wooden box divided into two parts by a partition of 15 cm height is required for the test. One half of the box is 150 wooden blocks measuring 1 inch (2,5 cm). The patient is explained and shown how to rearrange blocks. At the command as soon as the patient begins to shift blocks from one box to the other half. The instructor places a patient and stops in one minute. First, the dominant hand is examined, then blocks are rearranged in the box and the second hand is inspected. The number of transmitted blocks is registered by each hand. The time allocated for the test is from three to five minutes.
The essence of Nine Hole Peg Test [30, 35] is to determine how long the patient can turn each hand and then remove wooden 9 pegs in 9 holes in the wooden bar. Before the test the ergotherapist shows the patient how to do it. At the command as soon as the patient begins to insert wooden plugs into the holes in the wooden bar. The instructor measured the time. The dominant hand is examined first, then the other one.
For each test the Laterality Index (LI) is calculated by using the equation
Neural, elastic and viscous components of the muscle tone were also registered by the device 'NeuroFlexor (Aggero MedTech AB, Sweden). The recent studies have indicated that the mentioned device is suitable for measurement of changes in spasticity during CP treatment [13, 9, 10, 23, 26] .
The electrocardiogram was recorded in a sitting position during 7 min the next morning by means of the hardware-software complex 'CardioLab+HRV' ('KhAI-Medica', Kharkiv, Ukraine) to assess the parameters of HRV as markers of vagal and sympathetic outflows. For further analysis the following parameters HRV were selected as: a) temporal parameters (Time Domain Methods) -the standard deviation of all NN intervals (SDNN), the coefficient of variation (CV), the square root of the sum of the squares of differences between adjacent NN intervals (RMSSD), the percent of interval differences of successive NN intervals is greater than 50 ms (pNN 50 ), the triangulary index (TINN); heart rate (HR), moda (Mo), the amplitude of moda (AMo), variational sweep (MxDMn or ΔX); b) spectral parameters (Frequency Domain Methods) -spectral power (SP) bands of HRV: high-frequency (HF, range 0,4÷0,15 Hz), low-frequency (LF, range 0,15÷0,04 Hz), very low-frequency (VLF, range 0,04÷0,015 Hz) and ultra low-frequency (ULF, range 0,015÷0,003 Hz). The relative SP of all bands as well as classical indexes LF/HF and LFnu=100%•LF/(LF+HF) [6, 7, 24] were calculated.
Simultaneously with HRV, EEG was recorded for 25 sec by using the hardware-software complex 'NeuroCom Standard' (KhAI Medica, Kharkiv, Ukraine) monopolar in 16 loci (Fp1, Fp2, F3, F4, F7, F8, C3, C4, T3, T4, P3, P4, T5, T6, O1, O2) by 10-20 international system, with the reference electrodes A and Ref tassels on the ears. Among the options the average EEG amplitude (μV) was considered as well as the average frequency (Hz), frequency deviation (Hz), index (%), coefficient of asymmetry (%) as well as absolute (μV 2 /Hz) and relative (%) spectral power density (SPD) in the standard frequency bands: β (35÷13 Hz), α (13÷8 Hz), θ (8÷4 Hz) and δ (4÷0,5 Hz) in all loci, according to the instructions on the device.
In addition the Laterality Index (LI) was calculated for SPD of each Rhythm by using formula [28] :
The Kirlianogram has been registered by the method of GDV by means of the device 'GDV Chamber' (Biotechprogress', SPb, RF) [17] .
After testing children received a classic course of rehabilitation during two weeks (a detailed description is provided in the manual [20]), then repeated the tests listed.
The digital material is treated by methods of factor analysis, cross-correlation and canonical analyses with the use of package of softwares 'Statistica-5.5' and the algorithm of Truskavets' scientific school of balneology [24, 34] .
Results and Discussion. It is stated that Neural Components of Muscle Tone (NCMT) were reduced in 9 children from 19,8 ± 3,4 to 12,3 ± 2,8 Newtons (change: -7,5 ± 2,0 N; p < 0,01), in 3 children NCMT was 8,2 ± 3,3 before and 7,9±3,5 after rehabilitation (change: -0,3 ± 0,3 N) while in one girl NCMT was increased from 15,1 to 17,9 N as well as in one boy from 6,1 to 19,4 N. Thus, the previously obtained data on the diversity of rehabilitation effects were confirmed.
According to the formula: |r|≥{exp[2t/(n-1,5)0,5] -1}/{exp[2t/(n-1,5)0,5] + 1}, for a sample of 14 observations the critical value of correlation coefficient module |r| at p < 0,05 (t > 2,14) is 0,54, at p < 0,01 (t > 2,98) is 0,70, at p < 0,001 (t > 4,14) is 0,84. Nevertheless, in regressive models with step-bystep exclusion, there were separate variables with the values |r| less than the critical level whereas some variables with meaningful modules were not included in the models.
The screening of pairwise correlations given in Table 2 showed that the favourable changes in manual tests (the increased number of transferred blocks and the strength of the hand, in connection with the reduction of the time of the 9-Hole Peg test and the decrease of the neural component of the muscle tone) are accompanied by the increase in the quantities of HRV-markers of the vagal tone together with the decrease in the sympathetic tone markers as well as probably on level of circulating the cathecholamines marker of ULF and VLF bands of HRV [15, 32] is possible.
As we can see from the modulus of the correlation coefficients, the most informative is the normalized HRV parameters that reflect the Vagal (HF/TP) and Sympathetic (LFnu) tones.
Judging from the estimation of the modulus of the correlation coefficients, changes in the tests of the Right hand are usually more sensitive to changes in the vago-sympathetic balance than of the Left one.
Regarding the EEG parameters, it seems that the increase of 5 of them is caused by adverse changes in manual tests, while favorable changes are caused by the increase in the other 5 EEG parameters regardless of frequency bands as well as the locus side.
Regarding the GDV parameters, it seems that the favorable changes in the manual functions are caused by the decrease, first of all, in the Entropy of the Gas-discharge Image (GDI) in the Right projection recorded by means of the filter (f) as well as its Symmetry and Area in Frontal projection, on the one hand, instead of the increase in Entropy in the same projection without any filter as well as in Frontal and Left projections with the filter and in Shape Coefficients of GDI, on other hand. Now let's compare the factor structures of the nervous structures (sorry for the pun), the changes in their activity cause changes in the functional tests of the Right and Left hands. It was found out (Table 3 and Fig. 1 ) that the improvement of functions of the Right hand is due to the increased vagus tone and SPD of generating θ-rhythm nervous structures that are projected to the Left Frontalis medialis locus in combination with the decrease in the index and frequency of variation θ-rhythm as well as the decrease in the sympathetic tone and the activity of generating β-rhythm of nervous structures that are projected to the Left Temporalis Anterior locus and probably on the level of circulating Cathecholamines. https:// Instead, in improving the functions of the Left hand, judging by the factor load, a greater role is played by the reduction of the level of catecholamines in blood, except for the decrease of the index and the deviation of θ-rhythm as well as decrease in SPD generating β-rhythm of nervous structures that are projected to the Left and Right Temporalis Anterior loci (Table 4 and Fig. 2) . It should be noted the beneficial effect of Right lateralization of α-rhythm.
The Right lateralization of α-rhythm is associated also with the decrease in NCMT of Left hand. This factor together with the weakening of sympathetic effects and the increase in the parasympathetic tone, determines the decline of the NCMT by 72% (Table 5 and Fig. 3 ). Now let's discuss the interactions between changes in manual tests and GDV parameters. But before doing it, let's discuss the argument and functions. If we adopt the paradigm of the Western medicine, then changes in the photoelectron emission of the skin should be interpreted as a result of neuroendocrine effects on metabolism. Instead, from the point of view of the paradigm of Oriental medicine, the photoelectric emission is characterized by the state of Chakras as energy centers that control nervous, endocrine and other systems [cyt. by: 12] . We will consider GDV parameters as arguments (causes) while manual tests as functions (effects).
According to the outcome of the canonical analysis, the maximum negative (here only the adverse effect is reflected) factor load on the root of the changes in GDV gives Entropy of GDI in the Right projection registered with the filter (Table 6 ). Entropy is registered in the same projection without any filter as well as in the Frontal and Left projections with the filter, gives positive (favorable) factor loads. In the regressive model with some step-by-step exclusion, six parameters have been included, the changes which together determine the changes in the manual functional tests as it can be seen by the R 2 level, by 95% (Fig. 4 The same can also be applied to the role of changes in Entropy, in the Neural Component of Muscle Tone (Table 7 and Fig. 5 ). It is important to mention that the favourable changes in the NCMT are caused by the decrease in the symmetry of GDI. The obtained data confirm the normality of asymmetry and abnormality of symmetry. These data are not entirely consistent with K.G. Korotkov's statement [16] that GDI, taken without any filter, characterizes the current (functional) vegetative status and psychophysiological condition of a body, while registered with the filter characterizes the vegetative regulation at the level of stable (organic) physiological processes.
Conclusion. Despite the small number of the observed children with spastic cerebral palsy, it has been proved that differently directed changes in the parameters of manual tests caused by the two-week rehabilitation course by the Kozyavkin method are due to differently directed changes in parameters of EEG, HRV as well as GDV. The increase of the effectiveness of rehabilitation, perhaps, is possible through additional electrostimulation of the vagus nerve and/or certain scalp loci. GDV is a non-invasive method completely suitable for assessing the effectiveness of rehabilitation.
